The Annonaceae is a pantropic family, widely distributed in the tropics and subtropics. Only a few species are found in temperate climates (Asiminia) and on the Pacific islands. The Annonaceae is one of the largest families, including about 130 genera and over 2300 species worldwide, of which most are endemic to the Indo-Malaysian area [1] . Economically, the Annonaceae family is an important source of edible fruits and oils, raw material for perfumery, and in folk medicine for various purposes [2] . In Vietnam, up to now, more than 201 species (29 genera) of Annonaceae plants have been found, of which many are native, such as Alphonsea sonlaensis Ban, Artabotrys hienianus Ban, A. vietnamensis Ban, A. vinhensis Ast., Fissistigma taynghuyenense Ban, F. tonkinense (Fin. & Gagnep.) Merr., Goniothalamus donnaiensis Fin & Gagnep., G. vietnamensis Ban. and Melodorum kontumense Ban [3] .
Fissistigma Griff., an important genus of climbing shrubs, consists of about 80 species, widely distributed in Asia and Australia, especially in South-East Asia, for example, Malaysia, Indonesia, Thailand, China, Cambodia, Laos and Vietnam [3] . In folk medicine, several species of Fissistigma, such as F. oldhamii Merr. and F. bracteolatum Chatterjee, are attributed anti-inflammatory and anti-tumor properties and have traditionally been used for treatment of muscular atrophy, hepatomegaly, hepatosplenomegaly, traumatic injuries, sciatic muscle strains, arthritis, rheumatism and asthma [4] . These traditional uses could be substantiated by studies proving anti-inflammatory and immunosuppressive effects [5] .
Various phytochemical studies have elucidated that Fissistigma species contain a variety of compounds such as alkaloids, chalconoids and flavonoids [6, 10] . However, the constituents of the species investigated in the present study are hardly known. From the methanolic leaf extracts of F. petelotii Merr. a flavonoid glycoside, α-cellobiose and phytosterols could be identified; furthermore, a cinnamoyl bisabolene derivative and cinnamic acid have been reported [7] . F. pallens (Fin. & Gagnep.) Merr. leaves were found to contain a flavonoid glycoside, fissispallin, and the cinnamoyl ester of a sesquiterpene glycoside [8] , whereas from F. chloroneurum (Hand.-Mazz.) Y. Tsiang stearic acid, geranylfarnesol and phytosterols were isolated [9] . Little information is available about the composition of F. cupreonitens Merr. et Chun; there is one Taiwanese master's thesis dealing with separation and isolation of chemical constituents of F. cupreonitens [10] . To our best knowledge, F. bicolor (Roxb.) Merr. has not yet been phytochemically analysed.
Information on volatile compounds from Fissistigma sp. is even scarcer. From the essential oil of F. shangtzeense Y. Tsiang & P. T. Li flowers 40 components were separated, of which 38 could be identified. Monoterpene alcohols such as linalool (37.8%) αterpineol (12.1%) and 1,8-cineol (5.2%), as well as the sesquiterpene alcohol nerolidol (5.2%) were the main components of this essential oil [11] . Apart from this study, no other work on the chemistry of F. shangtzeense has been reported.
To the present day, only one study has been conducted analysing leaf essential oils of four Vietnamese Fissistigma species [12] . Those of F. bracteolatum and F. polyanthoides Merr. were characterized by a high content (ca. 90%) of monoterpene hydrocarbons, with F. bracteolatum essential oil mainly comprised of myrcene (83.0%), whereas the major constituents of F. polyanthoides essential oil were α-and β-phellandrene (8.3% and 14.2%), and (E)-β-ocimene (43.4%).
The essential oil of F. rubiginosum Merr. contained approximately equal amounts of mono-and sesquiterpenes, with the main compounds being the monoterpene (E)-β-ocimene (21.4%) and the sesquiterpene δ-cadinene (13.3%). Then again, about two thirds of F. oldhamii essential oil was comprised of sesquiterpenes, e.g. β-caryophyllene (23.7%) and γ-cadinene (27.2%). The major monoterpene in this essential oil was (E)-β-ocimene (10.2%) [12] .
The essential oil yields varied from 0.15 to 0.30%. The oils obtained were colorless to pale yellow, with aromatic odors. The volatile compounds of the leaf essential oils identified by means of GC and GC-MS are given in Table 1 .
The major compounds of the essential oil of F. chloroneurum were the sesquiterpene hydrocarbons, (E)-α-bergamotene (52.0%), (E)-βcaryophyllene (9.0%) and β-bisabolene (6.0%), which contribute 90.2% of the sample, accompanied by small quantities of α-pinene (2.3%). The high quantity of (E)-α-bergamotene is rare in essential oils, e.g. Pimpinella affinis Ledeb [13] .
Similar to these results, the F. pallens essential oil is also mainly (85.8%) comprised of sesquiterpene hydrocarbons, most notably with either a germacrane (germacrene D 30.2%, bicyclogermacrene 26.4%) or eleman skeleton (bicycloelemene 18.3%, elemene 2.9%). An interesting feature of F. pallens oil is the complete absence of monoterpenes, as well as (E)-β-caryophyllene, which has been found in all leaf essential oils of Fissistigma sp. so far [12] .
In both the essential oils of F. cupreonitens and F. shangtseense sesquiterpene hydrocarbons contributed about two-thirds (63.4% and 66.9%, respectively). The major compounds of F. cupreonitens essential oil were (E)-β-caryophyllene (27.7%), bicyclogermacrene (14.7%) and α-muurolene (7.1%). F. shangtzeense leaves gave an essential oil of similar composition, in which the principal components were also (E)-β-caryophyllene (28.1%), bicyclogermacrene (10.3%) and α-muurolene (8.8%). F. shangtzeense is the only Fissistigma species in the present investigation for which there is an earlier record of its essential oil composition [11] . However, in contrast to the leaf oil, the main constituents of the flower oil were monoterpene alcohols.
The essential oil of F. bicolor was comprised mainly of sesquiterpenes (63.4%), with the majority (49.9%) being hydrocarbons, such as (E)-β-caryophyllene (13.3%), (E)-αbergamotene (13.1%) and (Z)-β-farnesene (12.3%). Additionally, a considerable amount of sesquiterpene alcohols, e.g. 6.5% elemol, was detected, as well as 8.9% p-cymene, a monoterpene hydrocarbon.
The leaf oil of F. petelotii is the only one in the present investigation with a major (33.4%) amount of monoterpenes, the main ones being α-(15.4%) and β-pinene (4.6%). The major sesquiterpene compounds (47.6%) were the hydrocarbons bicyclogermacrene (13.9%), bicycloelemene (10.8%) and (E)-βcaryophyllene (9.9%).
Fissistigma essential oils
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Comparisons of the essential oils from the six Vietnamese species of Fissistigma revealed that all samples were dominated by sesquiterpene hydrocarbons, with the highest quantities in F. chloroneurum and F. pallens. The dominance of sesquiterpenes was also shown in an earlier study of F. oldhamii essential oil [12] . Great differences in the main compounds were observed, with the exception of F. cupreonitens and F. shangtzeense essential oils. None of the six proved to yield predominant amounts of monoterpenes, as shown for F. bracteolatum or F. polyanthoides in an earlier study [12] . The most notable findings were the high content of α-bergamotene in F. chloroneurum and the absence of monoterpenes in F. pallens essential oil. Science and Technology, Hanoi. All samples were received within 24 h of collection and were immediately distilled. The fresh plant material (about 3 kg of leaves from each species) was subjected to steam distillation for 3 h using a Clevenger-type apparatus according to the Vietnamese Pharmacopoeia [14] .
Essential oil analysis:
About 15 mg of each essential oil, dried with anhydrous sodium sulphate, were dissolved in 1 mL of n-hexane (for spectroscopic or chromatographic analyses).
GC analysis was performed on an Agilent Technologies HP 6890 Plus Gas Chromatograph equipped with a FID and fitted with a HP-5MS column (30 m × 0.25 mm, film thickness 0.25 µm). The analytical conditions were: carrier gas H 2 , injector temperature (PTV) 250°C, detector temperature 260°C, column temperature programmed 60°C (2 min hold) to 220°C (10 min hold) at 4°C/min. For GC/MS analysis, an Agilent Technologies HP 6890N Plus Chromatograph was fitted with a fused silica capillary column HP-5 MS column (30 m × 0.25 mm, film thickness 0.25 µm). The conditions were the same as described above with He as carrier gas, and an interface to a mass spectrometer HP 5973 MSD (70 eV). The temperature was programmed as reported above. Components identification was carried out by comparing MS data with those reported in the Wiley Library on Chemstation HP. Retention indices were calculated and compared with data of reference compounds and literature to confirm peak identification [15] .
